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SECTION A

Answer all questions in the spaces provided.

1 When sulphur dioxide and oxygen are mixed in a closed container and heated in the
presence of a catalyst, the following equilibrium is established.

2S05(g) + Oo(g) = 2S05(g) AH°=-196 kI mol ™!

An expression for the equilibrium constant, K, for this reaction is shown below.

(a)

(Pso3)2

K. =
" (9s0y)? (Poy)

(i) Deduce the units of K, when pressures are measured in kPa.

(i) In an equilibrium mixture established at temperature 77, the partial pressure of
sulphur dioxide is 10.6 kPa and the partial pressure of sulphur trioxide is 90.8 kPa.
Calculate the partial pressure of oxygen in this mixture, given that the value of
K, for the equilibrium at temperature 77 is 1.42

(4 marks)

(b) A mixture of sulphur dioxide, oxygen and sulphur trioxide has reached equilibrium in

a closed container at temperature 77.

(i) State and explain the effect, if any, on the mole fraction of sulphur trioxide in the
equilibrium mixture if the volume of the container is decreased at constant
temperature.

Effect on mole fraction of sulphur trioXide ..............ccceoeeeuieeeneiieeeeeiiiieeeniieeeeeees
EXPIANGIION ..ottt ettt et e et e e abeesnaeesnae s

(ii) State the effect, if any, on the value of K,, if the volume of the container is
decreased at constant temperature.
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Gas constant R = 8.31 T K~ mol™!

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-39
RCOOCH, 3741
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
Cc—C 750-1100
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 2500-3000

APW/Jun07/CHM4



(iii) When the temperature of the equilibrium mixture is changed from 7 to 7, at
constant volume, the partial pressure of sulphur trioxide decreases. Deduce
which temperature, T or T, is the higher. Explain your answer.

HIGRET tEMPEFATUTE ...ttt st

EXPIANALION ..ottt et e et e st e e s aa e e s sbee e enseeessseeenseeenaeas

(5 marks)
(c) A different equilibrium mixture of these three gases is prepared at temperature 77 and
total pressure P. In this mixture, the mole fraction of sulphur trioxide is 0.75 and the
mole fraction of sulphur dioxide is 0.17
(i) Calculate the mole fraction of oxygen in this mixture.

(i1) Write an expression which relates the partial pressure of a gas to its mole
fraction and the total pressure P.

(iii) Use your answer to part (¢)(ii) and the value of K, given in part (a)(ii) to
calculate a value for the total pressure P.

(5 marks)

Turn over »
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2 (a) (i) Write an expression for the term pH.

(2 marks)
(b) The curve below shows how the pH changes when hydrochloric acid is added to an

aqueous solution of sodium carbonate.

12

pH

0 25 50
Volume of acid added/cm?

(i) Write an equation for the reaction which occurs before equivalence point A and
an equation for the reaction which occurs between equivalence points A and B.

Equation for reaction before A

APW/Jun07/CHM4
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(ii)

(iii)

(iv)

APW/Jun07/CHM4

A list of indicators is shown in the table below.

Indicator pH range
trapaeolin 1.3-3.0
bromophenol blue 3.0-4.6
phenol red 6.8 -84
metacresol purple 7.6-9.2
thymolphthalein 9.3-10.5
nitramine 10.8 - 13.0

Select from the list the best indicator for the equivalence point A and, in a
separate experiment, the best indicator for the equivalence point B.

Indicator for eqUIVAleNce POINT A ...........ccccueeeeveeecieeeiieeecie et
Indicator for equivalence Point B ..............cccoooueeviiueeviieeeiieeeiieeeiee et
This pH curve was obtained when a 40.0 cm’ sample of 0.150 mol dm™ aqueous

sodium carbonate was used. Calculate the number of moles of sodium carbonate
in this sample.

Use the volume of hydrochloric acid which has been added at the equivalence
point B to calculate the concentration of the hydrochloric acid used.

(7 marks)

LEAVE
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3 When answering this question, assume that the temperature is 298 K and give all pH values
to 2 decimal places.

The acid dissociation constant, K,, of propanoic acid, CH;CH,COOH, has the value
1.35 x 10~ mol dm™>.

[H*] [CH3CH,COO]
~ [CH3CH,COOH]

(a) Calculate the pH of a 0.550 mol dm™ solution of propanoic acid.

(3 marks)

(b) A buffer solution is formed when 10.0 cm’ of 0.230 mol dm™> aqueous sodium
hydroxide are added to 30.0 cm? of 0.550 mol dm™ aqueous propanoic acid.

(1) Calculate the number of moles of propanoic acid originally present.
(i1) Calculate the number of moles of sodium hydroxide added.

(iii) Hence, calculate the number of moles of propanoic acid present in the buffer
solution.

(iv) Hence, calculate the pH of the buffer solution.

(6 marks)

APW/Jun07/CHM4
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4 (a) The rate equation for the reaction between compounds C and D is
rate = k[C][D]?

(i) In an experiment where the initial concentration of C is 0.15 mol dm™ and the
initial concentration of D is 0.24 mol dm_3, the initial rate of reaction is
0.65moldm~>s! ata given temperature. Calculate a value for the rate constant,
k, at this temperature and deduce its units.

VAIUE OF K ettt ettt

(i) The reaction between C and D is repeated in a second experiment at the same
temperature, but the concentrations of both C and D are half of those in part (a)(i).
Calculate the initial rate of reaction in this second experiment.

(4 marks)

(b) The following data were obtained in a series of experiments on the rate of the reaction
between compounds E and F at a constant temperature.

Experiment Initial Initial Initial rate /
concentration concentration moldm—>s~!
of E/moldm™ | of F/moldm™
1 0.24 0.64 0.80 x 1072
2 0.36 0.64 1.80 x 1072
3 0.48 0.32 3.20x 1072

(i) Deduce the order of reaction with respect to E.

(2 marks)

Turn over »
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10

5 (a) The structure of the amino acid alanine is shown below.

i
HoN— C| — COOH
H

(1) Draw the structure of the zwitterion formed by alanine.

(ii)) Draw the structure of the organic product formed in each case from alanine
when it reacts with:

CH30H in the presence of a small amount of concentrated sulphuric acid

Na2C03

CH3Cl in a 1:1 mole ratio

(4 marks)

APW/Jun07/CHM4
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11

(b) The amino acid lysine is shown below.

NH,
|
H,N— (CH,),— ? — COOH

H

Draw the structure of the lysine species present in a solution at low pH.

(c) The amino acid proline is shown below.

Draw the structure of the dipeptide formed from two proline molecules.

APW/Jun07/CHM4

(1 mark)

(1 mark)
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6 Consider the reactions shown below. CH;CH,
/C =CH,
Reaction/' Crl,
K
H H

(@ @)
(ii)
b ®
(i)
(iii)

APW/Jun07/CHM4

Reaction 2

| |
CH;CH; — (lf —CH,OH — > CH;3CH;— (|: — CHO

CH; CH;
L

J
Reaction 3 I|{

CH;CH, — (l: — COOH
CH;

Name compound J

Compound J exists as a pair of stereoisomers. Name this type of
stereoisomerism.

Draw the repeating unit of the polymer formed by K and name the type of
polymerisation involved.

Repeating unit

TYpe Of POLYMETISALION ......couueeeiiaiiiiiiiiieeeeeee e

Draw the structure of an isomer of K which shows stereoisomerism.
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13

(iv) Draw the structure of an isomer of K which has only one peak in its proton
n.m.r. spectrum.

(5 marks)

(c) (i) Draw the structure of an isomer of L. which has no effect on either Fehling’s or
Tollens’ reagents and has only two peaks in its proton n.m.r. spectrum.

(i) Acidified potassium dichromate(VI) reacts with J to form both L. and M. What
practical technique is used to obtain M rather than L?

(2 marks)
(d) The four infra-red spectra I, II, III and IV shown on the perforated page 15 are those
of compounds J, K, L. and M, but not necessarily in that order. Using Table 2 on the
data sheet, page 4, give the letter corresponding to the correct compound for each
spectrum.
Spectrum I
Spectrum IT ..,

Spectrum III ...,

Spectrum IV
(4 marks)

(e) (1) Give an approximate range of wavenumbers for the fingerprint region in an
infra-red spectrum.

(3 marks)

Section B, Questions 7 and 8 are printed on page 16, the reverse of the spectra.

Answer these questions in the space provided on pages 14 and 17 to 20 of this booklet.

Turn over »
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The infra-red spectra below are for use with Question 6 on pages 12 and 13.

]
Transmittance/ %

IT

Transmittance/ %

I1I

Transmittance/ %

v

Transmittance/ %

APW/Jun07/CHM4

100
50
0 T T 1T T 1T T17TT1TT | T T 1T T 17T 1T T17T1TT | T T T T | T T T T | T T T T I
4000 3000 2000 1500 1000 500
Wavenumber/cm™!
100
50
0 T T 1T T 1T T17TT1TT | T T 1T T 17T 1T T17T1TT | T T T T | T T T T | T T T T I
4000 3000 2000 1500 1000 500
Wavenumber/cm™!
100
50
O rTT 171717 T17TT | T TrTrTT1mTTT | T T T T | T T T T | T T T T |
4000 3000 2000 1500 1000 500
Wavenumber/cm ™
100
50
0 rTT 171717 T17TT | T TrTrTT1mTTT | T T T T | T T T T | T T T T |
4000 3000 2000 1500 1000 500
Wavenumber/cm ™
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SECTION B

Answer both questions in the space provided on pages 14 and 17 to 20 of this booklet.

7 (a) Give reagents and conditions and write equations to show the formation of
nitrobenzene from benzene.
Name and outline a mechanism for this reaction of benzene.

(8 marks)
(b) Compounds X, Y and Z are shown below.
NO, NH, NH;
NO, NH, NH,
X Y Z

Name X and give reagents for the conversion of X into Y. Write an equation for this
reaction using [H] to represent the reductant.
Explain why Y is a weaker base than Z.

(6 marks)

(c) Draw the repeating unit of the polymer formed by the reaction of Y with hexanedioic
acid.
(2 marks)

8 (a) Amide R, CH3CH,CONHCH3, can be formed by the reaction of CH3CH,COCI with
CH;NH,

(i) Name amide R. Name and outline a mechanism for the reaction of
CH;CH,COCI with CH3NH, to form R.

(i1)) R can also be formed by the reaction of an acid anhydride with CH3NH,
Draw the structure of this acid anhydride.

(iii) In the mass spectrometer, fragmentation of the molecular ion of CH3CONHCHj3
produces a peak with m/z = 57. Write an equation for this fragmentation.

(10 marks)
(b) Consider the following reaction sequence.
OH
Reaction 1 Reaction 2 |
CH;CHO > S > H3C — C— CH;NH;
HCN b

Name the mechanism for Reaction 1 and deduce the structure of compound S.

Give the reagents and name the type of reaction occurring in Reaction 2.
(4 marks)
END OF QUESTIONS
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